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Abstract-It is shown that Archie’s law (which relates the conductivity of a porous body to the 
porosity and the consolidation index) for small values of partial density of a conducting liquid in the 
model of magnetoelasticity for a porous medium is obtained as a necessary condition of the existence 
of seismomagnetic waves. @I 1900 Elsevier Science Ltd. All rights reserved. 
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1. INTRODUCTION 
Mathematical simulation is gaining in importance in the studies of various geophysical processes, 
in particular, in investigation of the physical precursors of earthquakes, monitoring of deposits, 
search for oil and gas, etc. To understand some physical phenomena, it is necessary to use more 
complex mathematical models, in which porosity, conductivity, cracking of rocks, their saturation 
with fluids are taken into account. 
One important assumption of the method of electromagnetic monitoring of geodynamic pro- 
cesses is that the electrical properties of the geological medium change under the influence of 
tectonic processes. In accordance with the dilatancy-diffusion theory, active generation of cracks 
in the process of formation of an earthquake source changes the structure of the geological mass, 
is accompanied by redistribution of water solutions which saturate rocks and leads to a change 
in the specific resistance of geological bodies [l]. The well-known Archie’s law [2] relates to the 
conductivity of a continuum 0 with the porosity dc by the formula o = a al . d,“, where crl 
is the conductivity of a liquid, m is the consolidation index, and a is a constant. In this case, 
m E [1.3, 3] for various rocks [3]. 
A nonlinear mathematical model, which combines the equations of the continual filtration 
theory and Maxwell’s equations is constructed in [4]. It describes movement of a conducting 
liquid in a porous conducting elastic-deformation medium for the case of unit dielectric and 
magnetic permeability. The following three main principles are used as a basis: fulfillment of the 
laws of conservation, the Galilei’s principle of relativity, consistency of the equations of motion 
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with the thermodynamic conditions of equilibrium. An assumption of additivity of the electric 
current is also made. It is shown that there exist four types of acoustic oscillations in the system: 
oscillations of the Alfven type, transverse oscillations, and two longitudinal types of oscillations. 
Below we construct a mathematical model, which combines Maxwell’s equations with the equa- 
tions of the continual filtration theory for arbitrary values of dielectric and magnetic permeability. 
It is known [5] that for isotropic media, the intensities and induction of the electromagnetic 
field are related in the following way: 
B = POW D=&E, 
where E(H) and D(B) are the intensity and induction of the electric (magnetic) field, respectively, 
~(110) is the dielectric (magnetic) permeability. 
2. THE IDEAL MODEL 
In what follows, we use the notation of [4]. Following [5], we write the first law of thermody- 
namics taking into account the energy of the electromagnetic field for arbitrary values of dielectric 
and magnetic permeability 
deo=TdS+pdp+(u-v,djo)+ % dgik + $ [P, dD) + 0% WI, (1) 
where ee and S are the internal energy and entropy of the unit volume, T is the temperature, 
C&k is the metric tensor of elastic deformation, jo is the density of relative pulse, ~1 is the chemical 
potential. 
Let us differentiate (8) from [4] with respect to time. Taking into account (l), we obtain 
v” - (WV)) g + T$f + (j - pu, g) + (u, 2) 
(2) 
Substituting into equation (2) the corresponding time derivatives from Maxwell’s equation 
16’B 
rotE = ---, 
1dD 
c& 
rotH = - TJ+cat, divB = divD = 0, 
and the conservation laws, equations of motion (l)-(5) f rom [4], taking into account the electro- 
magnetic field and isolating the reversible flows in the relation, we obtain 
8e 
z + div (Q + &IEYHl) = (j-pn,f+ b,-$-I). 
Here, we use the definition of pressure 
p=-eo+TS+pp+(u-v,jo)+g (&-/I$) +g (Po-PfgJ). 
Thus, if we choose 
the law of conservation of energy is an identical consequence of the other conservation laws, the 
equation of motion and Maxwell’s equation. 
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The chemical potential is related with the pressure by the Gibbs-Duhem equation 
dp=---ST+ dp 
P P 
!$ dgik _ ps 2p d(u - v)~ 
+’ [E2de+H2dps]+&d 
877~ 
PE~E+~H~~!+ 
dP dP 1 . 
Let us present the total system of nonlinear differential equations, which combines Maxwell’s 
equations with the equations of the continual filtration theory in the reversible magnetohydro- 
dynamic approximation 
g +divj = 0, P=Ps+pl, j=p,u+plv, 
g + div 
a&k 
x + gkj&Uj + gijakuj + ujajgik = 0, ps = const dm, 
VP Ps g + (v, V)v = -7 f -V(U- V)2- &vgik 
+E[rot H, H] - &V2[pH2g) - $+,,, 
I 
= 0, divpeH = 0, 
(3) 
eo = eo (P, s, .io, %kr HI. 
The last functional dependence has the known thermodynamic arbitrariness. The law of conser- 
vation of energy 
as well as, the law of conservation of mass of a conducting elastic body are not included in the 
total system of equations, because they are identical consequences of the initial system. 
3. ARCHIE’S LAW 
In one-dimensional movement, all vectors are considered to be functions of only two variables 
(zi = 2, t). We assume that the velocity vector of particles of a conducting elastic porous body u 
and a conducting liquid v are directed along the axis z, i.e., u = (~,,0,0), v = (w,,O,O). A 
perturbation of the magnetic field h is directed along the axis z, i.e., h = (O,O, h,). The system 
of equations (16) from [4], taking into account magnetic permeability, has the following form in 
this notation: 
Here ~0,~ and po,l axe the partial densities of the conducting elastic porous body and the con- 
ducting liquid, respectively, Hz is the vertical component of the external magnetic field H, ct is 
the velocity of the transverse wave in the porous medium without the field, 
4 
al=--- 
3 :+z- ~Po,s, a4 = v0,1, 98 
K==X+$, 
(E-ape), as=z-apo,., a2 = PO,LPO-~ 
(5) 
X, p, cr are the elastic parameters of the medium (4,6]. 
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Let us investigate the conditions of existence of the solutions to the system in the form of 
monochromatic acoustic waves 
(US> v,) = (uO,, ~2) eilc(Z-ut). (6) 
Substituting (6) into (4), we obtain uniform linear algebraic equations for u:, v:, 
c; -a1 + 
(7) 
The condition of existence of the solutions of form (6) results in the fact that the determinant of 
system (7) is equal to zero 
u4 - ct” _ al + a4 + fl1” Po,s + 4 POJ 
4 x f12 PO,1 PO,8 
c~oH,2 
> 
u2+a2a3 
a2 ~0,~ + a3 P0,r - 
4 7r u2 PO,IPO,S 
UI 0s poH,2 + 
~1” u,2 /L; H,” 
167r2 u4 po,lpo = 
0. 
,s 
(8) 
Note that as Hz + 0, equation (4) is converted into the equation for the velocity of longitudinal 
waves in the porous medium [6]. 
The equation for determination of the velocity of transverse waves is obtained in [4] 
U4_ 
( 
;+ &0,8 +&0,1 
4 7r a2 PO,lPO,S 
poH,2 
> 
ZL~ + pea? ‘: H, = 0, 
471.02POJ (9) 
where Hz is the component of the external magnetic field along the axis 2. 
From (8),(g) and the determination of the coefficients aj for small po,l, we obtain with a linear 
accuracy 
Ul 0.5+El 
- = PO,l T 
U 
(10) 
where ~1 is an arbitrary small positive number. 
From (lo), taking into account the determination of the partial density of the conducting 
liquid, we obtain Archie’s law for small porosity. In this case, the coefficient a in Archie’s law is 
determined uniquely. 
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